Introduction
The tropical climate prevailing at Yucatan Peninsula in Mexico is characterized by permanently high temperatures and relative humidity with considerable precipitation, at least during part of the year. A high corrosion rate of metals is usually reported for this climate and for marine conditions the corrosion degradation of infrastructure is an issue of paramount importance.
This chapter presents studies about the degradation of some engineering materials, such as austenitic stainless steels (localised corrosion in chloride containing electrolytes) and atmospheric corrosion of copper and nickel-iron alloys from both approaches experimental electrochemical tests and theoretical calculations respectively. The evaluation of the corrosion process of stainless steels in chloride containing solutions and atmospheric corrosion of copper in a marine tropical-humid climate are presented and discussed making emphasis on the electrochemical techniques used. On the other hand, a computational simulation indicated weakening of metal bonds in Fe-Ni (111) surfaces due to interaction with CO after adsorption of this compound. The union weakening observed can be associated with alloy embrittlement by the decohesion mechanism.
The SRET has been used for the quantitative assessment of localized dissolution of AISI 304 stainless steel in natural seawater and in 3.5% NaCl solution at room temperature (25 C) (González-Sánchez, 2002; Dzib-Pérez, 2009 ). Changes in the dynamics of intergranular corrosion of AISI 304 stainless steel as a function of the degree of sensitisation (DOS) was evaluated by EN using recurrence plots for the analysis of current time series (García-Ochoa et al., 2009) . Also the microstructure dependant short fatigue crack propagation on AISI 316L SS was distinguished from localised corrosion taking place during corrosion fatigue tests using EN (Acuña et al., 2008) .
The information presented here was divided in two main sections: Atmospheric corrosion and Localised corrosion, followed by a final section of general conclusions.
Atmospheric degradation of engineering alloys

Atmospheric corrosion of Cu in tropical climates
Degradation of engineering alloys due to atmospheric corrosion is the most extended type of metal damage in the world. During many years, several papers have been published in this subject; however, most of the research has been made in non-tropical countries and under outdoor conditions. Tropical climate is usual on equatorial and tropical regions and is characterized by high average temperature and relative humidity with considerable precipitation during the major part of the year. Due to these conditions a high corrosion rate of metals is usually reported for this type of climate. In coastal regions like the Gulf of Mexico (Yucatan Peninsula), there is a natural source of airborne salinity which plays an important role in determining corrosion aggressivity of these regions (Mendoza & Corvo, 2000; Cook et al., 2000) . The presence of anthropogenic contaminants, particularly sulphur compounds produced at the oil and manufacture industries and transportation have also an important effect on the atmospheric corrosivity of tropical-humid regions. The atmospheric corrosion rate of metals depends mainly on the time of wetness (TOW) and concentration of pollutants; however, if the differences in the corrosion process between outdoor and indoor conditions are taken into account, the influence of direct precipitation such as rain is very important for outdoor and negligible for indoor conditions. The acceleration effect of pollutants could change depending on wetness conditions of the surface, so the influence of the rain time and quantity should be very important in determining changes in corrosion rate .
Dew or humidity condensation is considered a central cause for the corrosion of metals. Its formation depends on the relative humidity (RH) and on the changes of temperature. Because dew does not wash the metallic surface, the concentration of pollutants becomes relatively high in the thin layer of electrolyte and could be much more aggressive than rain. Rain gives rise to the formation of a thick layer of water and also adds corrosive agents such as H + and SO 4 2-, however it can wash away the contaminants as well. It does depend on the intensity and duration of the rainfall.
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Corvo et al., made some recommendations in order to improve the methodology for estimation of TOW-ISO which include among others the establishment of limit of air temperature ranges dividing it in two categories: from 0 C to 25 C and higher than 25 C. Also the inclusion of time and amount of rain as an additional variable, taking into account the washing and cleaning effect of rain, limiting the use of TOW-ISO to outdoor and not highly contaminated environments .
Together with the assessment of atmosphere corrosivity, the actual corrosion rate of metals m u s t b e e v a l u a t e d i n o r d e r t o h a v e t h e complete body of information about the phenomenon. The rate of atmospheric corrosion of metals is evaluated mainly by two procedures: the gravimetric method (mass loss measurements) and using electrochemical techniques like cathodic reduction measurements, electrochemical impedance spectroscopy, electrochemical noise and potentiodynamic polarization. Electrochemical techniques are applied to assess the corrosion rate of metals exposed to the atmosphere and to other aggressive environments because they provide instantaneous corrosion rate values and in most of the cases can be considered as non-intrusive methods. For example linear sweep voltammetry and cathodic reduction (Chronopotentiometry) are two electrochemical techniques that have been successfully used for the quantitative analysis of copper oxides formed during the atmospheric corrosion of this metal (Nakayama, 2001 (Nakayama, , 2007 .
On the other hand, electrochemical noise (EN) was used as a novel approach to study atmospheric corrosion as it is able assess the protective properties of the corrosion products formed on metal surfaces. This technique involves the recording of current fluctuations taking place between two similar electrodes separated by a wetted cloth; one electrode is the surface under evaluation whilst the other is a clean non-corroded sample of the same metal. The current or potential fluctuations measured are associated with the electrochemical behaviour of the corroded metal. It can be considered as a nonintrusive technique as the metal sample is not perturbed by any electrical signal. The EN methodology has been applied successfully for the study of atmospheric corrosion in artificial and natural atmospheres giving information on the severity and morphology of the attack as a function of time , Torres et al., 2006 . Electrochemical Noise measurements were applied to study the protection level offered by corrosion products formed on samples of Cu exposed in different outdoor atmospheres during a relatively short periods. Also chronopotentiometric measurements (Cathodic reduction) were conducted to determine the presence of different copper compounds forming the patinas. The results from EN measurements in terms of the noise resistance (Rn) were consistent with the corrosion rate obtained from mass loss measurements and cathodic reduction as shown in figure 1, .
Cathodic reduction test (galvanostatic cathodic polarisation) applied on samples in an oxygen free KCl solution gave corrosion rate values very similar to those calculated from electrochemical noise and mass lose measurements.
Samples of Cu were exposed short time periods at 7 different outdoor sites. The microclimates of these sites had remarkable effect on the atmospheric corrosion of Cu and on the kind of corrosion products formed on the surface. Electrochemical noise analysis allowed assessing the protective characteristics of the corrosion products which is related to the corrosion process and the quantity of dissolved metal. The inflection points observed in the potential vs time curves gave information of the kind of compound reduced during the polarisation and the time at which the inflections appear is the time used to calculate the quantity of corroded metal as shown in Figure 2 . A plateau at around -1,146 mV is clearly defined. This plateau has been associated with the presence and reduction of Cu 2 S, which is a crystalline compound that has a more negative reduction potential than the copper oxides (Itoh et al., 2002 , Watanabe et al., 2001 ). The cathodic reduction results indicated a major presence of sulphur compounds in sample 7. The electrochemical noise technique was able to evaluate the protection level of corrosion products formed on copper samples during a relatively short exposure period to different outdoor atmospheres in terms of Rn. This parameter showed a proportional relationship with the aggressiveness of the atmosphere. The application of electrochemical noise using www.intechopen.com two electrodes offers the possibility of determining the sites where corrosion is more intense, the higher the amplitude of the signal, the higher the corrosion rate. This methodology permits evaluation using the natural surface electrolyte formed during atmospheric corrosion. The three different methods used to evaluate the atmospheric corrosion of copper: gravimetric analysis, electrochemical noise (Rn), and chronopotentiometry indicate the same pattern as a function of the exposure site. Using cathodic reduction it was possible to determine the presence of copper sulphide in the copper corrosion products, indicating the significant influence of H 2 S in the atmospheric corrosion of copper.
Atmospheric degradation of engineering materials takes place also in dry conditions in which electrochemical reactions are not involved (electrochemical corrosion). This other form of degradation involves metallic surface-gas interactions. In order to get an insight of this phenomenon, theoretical and simulation studies of molecular level are carried out for different groups around the world. The case of the effect of CO adsorbed on the degradation of a Ni-Fe alloy is presented in the next sub-section.
A computational study of CO adsorption on a Ni-Fe surface
The materials used for industrial process are generally Fe-and Ni-based alloys that offer high corrosion and creep resistance. However, when the material is exposed to gases containing carbon, e.g. CO, it can pick up carbon (Grabke, 1998) . The resistance to thermal cycling is reduced and there is a danger of cracks developing in the material. In consequence, the understanding of the interaction of carbon monoxide with nickel-iron alloys can be useful in order to reduce this undesirable behavior.
As an example, a combination of flow reactor studies and electron microscopy techniques has been used to investigate the way the composition of iron-nickel alloy particles influence the growth characteristics of carbon deposits formed during the decomposition of ethane at temperatures over the range 815-865 C. Major differences in the selectivity patterns of alloys were evident with the amount of solid carbon catalytically produced being significantly higher on a Fe-Ni (5:5) powder than on a Fe-Ni (8:2) sample. Examination of the deposit revealed the existence of two types of structures, carbon nanofibers and a graphite shell-like material, both of which contained associated metal particles (Rodriguez et al., 1997) . The information on literature about studies of the adsorption of CO on Fe/Ni alloys at quantum level is quite limited. This section presents a study of the CO chemisorption on a FeNi(111) surface based on calculations in the framework of the Density Functional Theory (DFT) (Hohenberg & Kohn, 1964) .
The exchange-correlation potential (V XC ) considered within the generalized gradient approximation (GGA) proposed by Perdew et al., (Perdew et al., 1996) and the selfconsistent total energy method, as implemented in the SIESTA Package code (Ordejon et al., 1996) , has been used here. This methodology has been successfully applied for the study of several kinds of interactions (Sánchez-Portal et al., 2004) . The electron-ion interactions are treated by means of norm conserving pseudopotentials in accordance with the TroullierMartins procedure (Troullier & Martins, 1991) . For the base set, a double zeta basis set plus polarization functions (DZP) was used. The atomic orbitals were slightly excited (0.01 Ry) in order to limit the range of the pseudo-atomic base orbitals (Sankey & Niklewski, 1989) .
A uniform grid in real space with a mesh cutoff of 450 Ry was used for calculations. The Brillouin zone was sampled, and total energy converged correspondingly to the number of k points resulting in the Monkhorst-Pack matrix diagonal (7×7×1) (Monkhorst & Pack 1976) .
To understand the interactions between the atoms, we used the concept of COOP (Crystal Orbital Overlap Population) curves. A COOP curve is a plot of the overlap population weighted DOS (density of states) vs. energy. The integration of the COOP curve up to the Fermi level (E f ) gives the total overlap population of the bond specified and it is a measure of the bond strength.
The interaction between the CO molecule and the FeNi(111) surface was studied using a two dimensional slab of finite thickness in order to have the best simulation of the semi-infinite nature of the metallic surface. A three-layer slab was employed as a compromise between computational economy and reasonable accuracy. The FeNi(111) surface was represented by a 108 atoms (50:50) distributed in three layers (FCC arrangement). It was found the final configuration of the CO/FeNi(111) system using the Spanish Initiative for Electronic Simulations with Thousands of Atoms (SIESTA) method (Soler et al. 2002) . A geometry optimization was performed applying relaxation calculations. The top two layers of the substrate were allowed to relax together with the adsorbate while the bottom layer was kept fixed in the bulk position. The 1, 2, 5 and 6 sites present a local minimum energy showing the molecule optimum localization at these sites. On the other hand, the 3, 4 and 7 sites are not stable and correspond to transition states, since CO relaxes to other sites when initially put at these ones. Finally, the most stable location for CO on the FeNi(111) surface corresponds to an intermediate position between 1 and 4 sites, where the C atom is positioned in the middle of two Ni atoms and a neighbouring Fe atom. A schematic view of the CO location is shown in Figure 3 (bottom). The small contribution of the CO to total DOS is due to its low concentration. For a major view, Figure 4 (right) presents a plot of CO states projection after adsorption. To understand the interactions between the atoms, concept of COOP (crystal orbital overlap population) curves was used. The atomic orbital occupation and the OP values for the atoms that participate in the absorbate-substrate interactions were also calculated (see Table II ). The substrate-adsorbate interactions mainly involve the s and p orbitals of Ni whose populations decrease 9.53 % and increase 16.46 %, respectively compared with a clean surface. The Ni d orbital populations only decrease to about 0.11 %. On the other hand, the Fe orbital occupations are modified and the major changes are also noticed in the s and p atomic orbitals whose populations decrease 9.78 % and increase 5.24 % respectively, after CO adsorption. The Fe d populations only decrease to about 0.93 %. In general, there is observed an electron transfer from CO to the Fe and Ni nearest neighbors, then the surfacelayer of the slab is negatively charged relative to the bulk due to CO interaction (see Table  II) . A large bonding OP between C and both Ni and Fe atoms appears, while the Ni-Ni, FeFe and Ni-Fe OP decrease. After CO adsorption, the strength of the Ni-NN and Fe-NN bonds (NN: metallic atoms up to 3rd nearest neighbor) decreases to about 15 %. A detrimental effect on the metal bonds is observed after CO adsorption on the FeNi(111) surface and can be associated with the alloys embrittlement by decohesion mechanism.
Atom
Localised corrosion
Localised corrosion of stainless steels
Stainless steels are basically iron-chromium-nickel alloys, containing between 18 and 30 wt% chromium, 8-20 wt% nickel and 0.03-0.1 wt% carbon. According to metallurgical structure stainless steels are divided into three groups: austenitic "" face centred cubic (fcc), ferritic "" body centred cubic (bcc), and martensitic (body centred tetragonal or cubic).
There is another stainless alloy, duplex (" -"), which possesses a two-phase microstructure with approximately equal amounts of austenite and ferrite (Marshall, 1984) .
Austenitic stainless steel of the series 300 such as the UNS 30400 (S30400 SS) is used in a wide range of applications due to its acceptable corrosion resistance in non-chloride containing environments and good weldability. This kind of steel loses its corrosion resistance when is cooled slowly from the solution anneal temperature around 1273 K (1000 C) or is reheated in the range from 823 K (550 C) to 1123 K (850 C). In this temperature range there is a tendency to precipitate chromium-rich carbides as the alloy enters the carbide plus austenite phase field (Marshall, 1984; Lacombe et al., 1993) . Precipitation of carbides such as M 23 C 6 and M 7 C 3 occurs primarily at the austenite grain boundaries which are heterogeneous nucleation sites. The chemical composition in the vicinity of the grain boundaries can be altered by the precipitation of the chromium rich particles (Lacombe et al., 1993) . This phenomenon is called sensitization and prompts the resulting chromiumdepleted zones at the grain boundaries to be susceptible to intergranular corrosion (Terada et al., 2006) . This is a well known form of localised corrosion on stainless steels in particular on sensitised austenitic grades and look like the examples presented in Figure 6 .
There are several published works about the corrosion of stainless steels which deal with different metal-electrolyte systems using different electrochemical techniques (Burstein, 2004; Curiel, 2011; Isaacs, 1989; Newman, 2001; Sudesh, 2007; Turnbull, 2006) . Localised attack in the form of crevice and pitting corrosion is the most insidious and common initiation stage for the development of cracks under static or cyclic mechanical loading (Zhou, 1999; Akid, 2006; González-Sánchez, 2002; Acuña, 2005) .
The effect of sensitisation on the corrosion resistance of stainless steels is difficult to determine quantitatively using conventional polarisation electrochemical methods, owing to www.intechopen.com Due to its quantitative nature and reproducibility, this method has been standardized by ASTM to estimate the sensitization grade of AISI type 304 and 304L stainless steels (ASTM, 1994).
Other research group proposed the double loop electrochemical potentiokinetic reactivation method (DLEPR) for determining the sensitization grade of stainless steels (Majidi et al., 1984) . This author compared the results of the new method, the single loop and the acid test, and observed a wood agreement between measurement made with double loop and single loop EPR test giving a quantitative measure of sensitization based on the ratio of active peak currents on the forward and reverse scans Ir/Ia when the polarization is carried out in a 0.5 M H 2 SO 4 + 0.01 M KSCN solution and a scan rate of 100 mV min-1. Figure 7 presents the DLEPR curves of AISI 304 stainless steel for the case of samples taken from the heat affected zone (HAZ) after Gas metal arc welding (GMAW) and samples solution annealing at 1050 C (red curve), (Curiel et al., 2011) . The results obtained the DLEPR tests indicated clearly the effect of metallurgical condition of the stainless steel on its resistance to localised corrosion (intergranular). Samples of the HAZ presented a clear reactivation current density whereas the samples solution annealed showed just a negligible value of Ia. After the annealing treatment for 1 hr, not all Cr was dissolved completely, that is why there exists a small reactivation but several times lower than that for sensitised samples.
Electrochemical methods used to determine the sensitization intensity on stainless steels enjoyed wide expansion over the last 40 years, and the DL-EPR test has become one of the most successful due to its quantitative nature and because can be considered as a nondestructive method.
Fig. 7. DLEPR curves obtained from 304 SS samples at the HAZ after GMAW (black curve) and after solution annealing (red curve).
However as with any testing technique, attention must be paid in interpreting the results as measurements are sensitive to local changes in composition and microstructure of the alloy under study. In this sense, the use of alternative and reliable electrochemical technique has become o necessity in order to find the best way to determine the electrochemical behaviour of metallic materials or their corrosion resistance in diverse electrolytes.
During electrochemical reactions such as the corrosion of metals, electrochemical micro-cells form on the surface of the metal in contact with an electrolyte which induce potential and current fluctuations. These electrochemical fluctuations are known as Electrochemical Noise (EN) and definitively contain information about faradaic processes taking place on the electrified interface formed by a metal in contact with an electrolyte. In the second half of the 20 th century there were numerous reports about the existence of these fluctuations (Iverson, 1968; Searson & Dawson, 1988) . Several parameters are usually acquired from EN measurements which depend upon the method used for the data analysis (GouveiaCaridade et al., 2004; Zaveri et al., 2007; Cottis & Turgoose, 1999) . The results can be plotted as potential and current time series as the example shown in Figure 8 .
Since the 90ties a preponderant importance has been given to the study of this phenomenon to explain the dynamics and mechanisms of the electrochemical processes taking place in the electrified interface (Gouveia-Caridade et al., 2004; Kearns et al., 1996; García-Ochoa et al., 1996; Hladky & Dawson, 1980; Loto & Cottis, 1987) .
A number of procedures have been proposed and applied for the analysis of electrochemical noise data, from simple statistics analysis up to strategies that consider that pitting corrosion has a chaotic nature and apply non-linear methods to obtain parameters like the Lyapunov exponent (García et al., 2003) . Pitting corrosion studies conducted in the past using electrochemical noise measurements considered that high amplitude oscillations associated to breakdown -recovery of passive layers had a totally stochastic nature. Succeeding studies demonstrated that such approach was not correct because oscillations observed during the pitting of iron have a non-linear chaotic nature, this means processes of complex dynamics that are sensitive to initial conditions (García et al., 2003; González et al., 1997; Sazou & Pagitsas, 2003 .
Visual recurrence analysis is another procedure to study the behaviour of nonlinear dynamical systems such as localized corrosion processes. This procedure has been used to differentiate between stochastic and chaotic variability. The principal instruments of the recurrence analysis are the Recurrence plots (RPs) which are especially useful for the graphical representation of multidimensional dynamic systems (Eckmann et al., 1987; Casdagli, 1998; Trulla, 1996) . Recurrence plots (RPs) are a valuable tool for measure the geometry of the dynamics exploiting non-linear dependencies even in non-stationary timeseries. These plots disclose distance relationships between points on a dynamical system providing a faithful representation of the time dependencies (correlations) contained in the data (Acuña et al., 2008) . This is a graphical tool for the diagnosis of drift and hidden periodicities in the time evolution of dynamical systems, which are unnoticeable otherwise. Recurrence plots (RPs) are graphical tools elaborated by Eckmann et al. based on Phase Space Reconstruction (Eckmann et al., 1987) . The method of RPs was introduced to visualize the time dependent behavior of the dynamics of systems, which can be pictured as a trajectory in the phase space as presented in Figure 9 , (Zbilut & Webber, 1992; McGuire et al., 1997; Marwan et al., 2007) .
This methodology was used also to study the dynamics of intergranular corrosion in austenitic stainless steel with different degree of sensitization (García-Ochoa et al., 2009 ).
The analysis of electrochemical noise in current using recurrence plots proved to be an excellent tool to evaluate the changes in the dynamics of the intergranular corrosion of AISI 304 austenitic stainless steel with different degree of sensitization. The RP´s showed that Fig. 9 . Recurrence plots of (a) a periodic motion with one frequency, (b) the chaotic Rossler system and (c) of uniformly distributed noise (Marwan et al., 2007) .
sensitisation causes a localised corrosion process with spatiotemporal well defined electrochemical cells interacting in the form of a dissolution process with periodic dynamics. The periodicity was determined by the increment of %D (percentage of determinism) and R% (the percentage of recurrence) as a function of the degree of sensitisation (DOS) (García-Ochoa et al., 2009 ).
Electrochemical noise measurements conducted during environmental assisted cracking of austenitic stainless steel detected changes in the electrochemical fluctuations which were associated to the cracking processes (Acuña, 2005; González et al., 1997) . The methods applied to date for the analysis of electrochemical noise data to study the initial stages of corrosion fatigue damage (CFD) have been unable to separate the contribution due to localized corrosion from that due to crack nucleation and growth. Crack nucleation and growth involve generation of fresh active metal surfaces which interact with the electrolyte and induce changes in the amplitude of current fluctuations. This contribution to the noise signal must be different from that associated to the localised corrosion process which in principle should have dissimilar nature.
It was possible to separate the contribution of pitting corrosion for which electrochemical noise in current presented a percentage of determinism (%D = 80) higher than that associated to CF crack initiation which presented a stochastic behaviour with low %D (around 5%). This separation was possible by the use of the recurrence quantitative analysis parameter (RQA) selected: the percentage of determinism %D. Recursive Plots RPs applied to the analysis of electrochemical current noise measured during CF tests and their assessment by (RQA) represents a powerful non-linear analysis tool as it allowed us to establish clearly the dynamics of the early stages of CF cracking (Acuña et al., 2008) .
Studies of localised corrosion using the Scanning Reference Electrode Technique (SRET)
The dissolution of metals during localised corrosion takes place at permanently separated sites from the bigger cathodic areas. This gives the possibility of direct measurements of the cathodic and anodic reactions through in situ non-intrusive studies. In order to study the kinetics of localised corrosion in its various forms it is necessary to use electrochemical techniques capable to measure variations in electrochemical activity directly on the site undergoing localised attack at the metal surface.
Measurements of the physical separation of anodic and cathodic areas, the currents flowing between them as well as the mapping of potentials in electrolytic solutions have been successfully used for the study of the processes of localised corrosion of different systems (Isaacs & Vyas, 1981; Tuck, 1983; Bates et al., 1989; Sargeant et al., 1989; Trethewey et al., 1994; Trethewey et al., 1996; McMurra et al., 1996; McMurray & Worsley, 1996) . A schematic drawing of a local corrosion cell is shown in figure 10 .
With the aim of determining the velocity of metal dissolution directly in active pits during pitting corrosion, Rosenfeld and Danilov (Rosenfeld & Danilov, 1967) , designed an apparatus to measure the field strength in the electrolyte directly above an active pit. They employed a twin probe method by using two reference electrodes, which makes it possible to measure the potential difference ΔE in any direction between two points in the electrolyte with the aid of two non-polarisable electrodes, for example calomel electrodes. The equipment used for the measurements of the potential difference ΔE (ohmic potential gradients) is called the Scanning Reference Electrode (SRET). With the measurement of the electric field strength in the electrolyte over the pits it was possible to determine the current flowing from the anode points, based on the fact that, the vector of the normal component of the current density at a pre-determined point (i') in a uniform field is equal to the product of the electric field strength E and the specific conductivity of the medium .
The resolution of the SRET depends upon the proximity of the scanning probes to the corroding sites and the magnitude of the corrosion currents from each site. As shall be shown later, the distance between the probe and specimen surface and the conductivity of www.intechopen.com
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the solution governs the sensitivity of the technique. It has been reported the capability of the SRET to identify the position of localised activity in the metal surface however did not report any assessment of pit size or shape from the performed SRET measurements Sargeant et al., 1989; Trethewey et al., 1994) .
Tuck, (Tuck, 1983) evaluated the usefulness of reference microelectrodes in identifying local anodic and cathodic sites on aluminium alloys as they were scanned mechanically over a polished surface. The electrolyte in which the specimens were immersed for the study was shown to have a critical effect on the detectability of sites undergoing localised activity. He demonstrated that a solution of low conductivity is indispensable if the electrodes were microscopic in size. This is obviously a limitation in the application of microelectrodes because they cannot be used for real systems undergoing localised corrosion in electrolytes of high conductivity, e.g. seawater. Trethewey et al. (Trethewey et al., 1993) obtained pit life history at specific points in a 304 stainless steel specimen immersed in seawater. They showed that the measured current density adjacent to an active pit exceeded 300 times that obtained from a conventional pitting scan which was a maximum current density of 0.8 mA/cm 2 . This author showed the advantages that in theory should give the use of a differential probe configuration over the conventional single ended system (Trethewey et al., 1994) . The same authors indicated that with the use of SRET it is possible to study pit initiation and development, surface coating behaviour, inhibitor performance, battery performance, corrosion under hydrodynamic conditions as well as microbiological induced corrosion and stress corrosion cracking.
The SRET operation principle is based on the fact that during the localised corrosion of metals the electronic charge generated by the dissolution reaction flows from the localised anode to the cathodic sites through the metal. The high electronic conductivity of the metal induces a negligible ohmic potential difference in the metal, thus the surface of the corroding metal can be considered as a plane of constant potential. However within the aqueous electrolyte in contact with the corroding metal the ionic flow that develops to complete the corrosion cell produces ohmic potential gradients owing to the low electric conductivity of the electrolyte. As shown in figure 7, these potential gradients may be described as a series of iso-potential lines lying in perpendicular direction to the lines of ionic current flux. The activity can be assessed in terms of the current emanating from the sites undergoing local dissolution. By scanning a non-polarizable reference probe containing a fine capillary tip parallel and very close to the metal surface, the ohmic potential gradients generated in the electrolyte by localised anodic currents can be measured. It must be emphasised that the SRET does not directly measure the potential variations in the surface of the metal, but it responds to the ohmic potential gradients originated by ionic fluxes in the solution. SRET is a powerful equipment allowing real-time localised electrochemical activity to be managed and fully quantified.
From a study of pitting corrosion of austenitic stainless steel in artificial seawater SRET map scans were obtained which gave information about the electrochemical activity emanating from sites undergoing localised dissolution. A commercial SRET (Uniscan instruments model SR100) in which a cylindrical specimen (sealed tube or bar) is the working electrode, immersed in the electrolyte and rotated at precise speeds in the range 5-250 rpm was used.
Figure 11 presents a schematic of the SRET equipment used for the study. Fig. 11 . Schematic representation of the SRET SR100.
A calibration procedure is mandatory and important aspect in order to assess the anodic current density associated with the ohmic potential gradient measured by the SRET. In this case a punctual source of current (a gold wire of 200 m diameter) is immersed in the solution and polarised galvanostatically. The SRET measures a potential gradient which is then associated to the applied anodic current. A line scan and a map scan of the punctual source of current is presented in Figure 12 . Calibration experiments for the SRET showed that as the electrolyte conductivity increased, higher applied currents were needed in order to induce a signal detectable by the equipment. In low conductivity electrolytes (0.014 mS/cm), the application of a current of 6.42 nA to a Punctual Current Source (PCS) was sufficient to generate a detectable signal.
However, in electrolytes with a conductivity of 55.8 mS/cm (3.5 wt% NaCl), the SRET detected a minimal output signal generated by applied currents higher than 3.73 mA as shown in Figure 13 , . Fig. 13 . Output signal vs applied current in electrolytes with different conductivity, 100 m of separation surface-probe tip and a rotation rate of 5 cm/s. Magnification at the right to observe the response in high conductivity electrolytes.
The rotation rate of the working electrode has significant effect on the output signal for measurements in low conductivity electrolytes. The higher the rotation rate, the higher the slope of maximum signal detected vs applied current, which means better responsiveness (higher sensitivity of SRET) as shown in Figure 14 .
Fig. 14. Output signal vs applied current in NaCl solution (k = 1.172 mS/cm), with a separation probe tip to PCS of 100 m and five different rotation rates.
Nevertheless, the resolution (WHM) of the SRET instrumentation decreases as the rotation rate increases. For the case of studies of localised corrosion in diluted electrolytes, this is a useful finding. It is of paramount importance an accurate understanding of the effects that operating parameters of the SRET equipment has on the measured output signal (DzibPérez et al., 2009 ).
Studies of pitting corrosion of AISI 304 stainless steel in natural seawater were conducted performing SRET measurements on samples under cyclic anodic potentiodynamic polarisation from the open circuit potential to the repassivation potential as shown in Figure  15 , (Dzib-Pérez, 2009; González-Sánchez, 2011) . This study allowed quantitatively assessing the dissolution rate of stable pits and monitoring from initiation to repassivation (DzibPérez, 2009 For a number of active pits generated on the AISI 304 stainless steel, measurements of the dissolved volume of metal per pit was determined by two methods. One was from material removal considering that pits had a spherical and elliptical geometry (Turnbull et al., 2006; González-Sánchez, 2002) , and the second was done using SRET measurements of current density (Dzib-Pérez, 2009; González-Sánchez, 2002) . By summing the SRET measured current density of the pit as a function of time and using Faraday´s law the quantity of dissolved metal was determined. The volume of dissolved metal per pit was calculated using the density of the AISI 304 stainless steel. The results showed acceptable agreement as can be seen in Figure 16 . Fig. 16 . Volume of dissolved metal per pit of AISI 304 stainless steel in natural seawater determined by material removal and SRET measurements.
Besides the capability of this technique to determine the position of the active pits, it is able to assess semi-quantitatively the dissolution rate in terms of localised current density. Calculations of the pit depth from the values of current density obtained from SRET agree well with the physical pit depth determined by material removal. SRET measurements showed that under potentiostatic control, active pit growth on 304 SS stainless steel in natural seawater takes place with an increase of localised current with time.
Conclusions
The degradation of engineering materials is a topic of paramount importance due to diverse forms in which the phenomenon takes place. From the apparently benign (non-aggressive) environment created by the atmosphere to really demanding media such as marine conditions and sour gas and oil exploitation, conduction and processing, metals and alloys will face some kind of degradation. Also at high temperatures, chemical reactions take place producing metal degradation on dry conditions.
Electrochemical novel techniques as well as novel analysis methods are currently used in order to get an insight of the mechanisms of metals degradation in aqueous environments. Sensitive techniques like electrochemical noise are able to give information of changes in the dynamics of electrode reactions that take place during metallic corrosion. SRET measurements provide the possibility of quantitative, or at least semi-quantitative assessment of the localised dissolution rate in terms of current density.
On the other hand, the understanding of chemisorption of small gas molecules on transition metal surfaces is crucial to obtain a molecular level understanding of the mechanism of heterogeneous catalysis. From simulations at molecular level it was observed a metal bond weakening of 15% after CO adsorption. A detrimental effect on the metal bonds is observed after CO adsorption on the FeNi(111) surface and can be associated with the alloys embrittlement by decohesion mechanism.
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